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(57) ABSTRACT

An onboard avionic system for communication between an
aircraft and the ground comprising a service unit connected
to various aircraft equipment and a radio communications
unit providing communication between the avionic system
and a communications system on the ground via a radio
channel. The system comprises a configuration unit having
a control unit, a geolocation unit and a database in which are
recorded, data relative to the use of the radio channels which
are available in a flight zone, as well as data relative to the
radio conditions for the available radio channels. The con-
figuration unit, on the basis of the aircraft geolocation data
supplied by the geolocation unit, of radio condition data of
the current channel, and of database data, determines if the
current channel should be changed or not and, if so, deter-
mines the new channel to be used and commands the change
to the new channel.
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1
ONBOARD AVIONIC SYSTEM FOR
COMMUNICATION BETWEEN AN
AIRCRAFT AND THE GROUND AND
METHOD FOR MANAGING A RADIO
CHANNEL OF SUCH A SYSTEM

CROSS-REFERENCES TO RELATED
APPLICATIONS

This application claims the benefit of the French patent
application No. 1551692 filed on Feb. 27, 2015, the entire
disclosures of which are incorporated herein by way of
reference.

BACKGROUND OF THE INVENTION

The present invention relates to an onboard avionic sys-
tem for communication between an aircraft and the ground
and a method for managing a radio channel of such a system.

The technical field of the present invention is that of data
communications between aircraft in flight and ground sta-
tions, such as stations for air traffic control, stations for
airline companies, stations for aircraft maintenance, etc.
FIG. 1 shows an air data communications system to which
the present invention applies. This communications system
comprises a ground system 10 for transmitting data and, in
each aircraft, an avionic communication system 20.

The ground communications system 10 comprises ground
stations 2, 3 and 4 providing wireless communications with
the avionic communication systems 20 of aircraft 5. The
ground station 2 provides communications in a frequency
band called VHF, the ground station 3 provides communi-
cations in a frequency band called HF and the ground station
4 provides communications relayed by a satellite 6. The
communications system 10 also comprises ground stations
7, 8 and 9 respectively for providing, by way of example, air
traffic control services, airline company services and main-
tenance services. The ground stations 7, 8 and 9 and the
ground stations 2, 3 and 4 exchange data between each other
via a network 1.

FIG. 2 shows an avionic communications system 20
present in each aircraft 5. It comprises a service unit 21 to
which are connected different equipment 22, 23, 24, 251 to
25N. The equipment 22, 23, 24 are constituted by equipment
which between them form a man-machine interface for the
pilots of the aircraft in question and are, conventionally, a
printer 22 for printing messages transmitted to the aircraft,
a keyboard 23 for inputting messages intended for a ground
station and an alarm 24. The equipment 251 to 25N are
devices for measuring or detecting flight conditions of the
aircraft in question. Radio communications units 26, 27 and
28 are also connected to the service unit 21. The radio
communications unit 26 provides communications in a
frequency band called VHF, the radio communications unit
27 provides communications in a band called HF and the
radio communications unit 28 provides satellite communi-
cations. The service unit 21 is, for example, a router which
allows the exchange of data between the equipment 22, 23,
24, 251 to 25N of the aircraft in question and the radio
communications units 26, 27 and 28 and beyond, with the
ground stations 2, 3 and 4 and furthermore, via the network
1, with the ground stations 7, 8 and 9.

Among the air data communication systems can be men-
tioned the networks called ATN (Aeronautical Telecommu-
nication Network) or the network called ACARS (Aircraft
Communication Addressing and Reporting System).
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Digital data are thus exchanged between an aircraft and a
ground station and this can be either at the initiative of the
pilots of the aircraft in question or at the initiative of a
ground station or automatically at regular time intervals. The
digital data can relate to messages about flight conditions of
the aircraft in question sent by the aircraft to a control tower
or vice-versa, information messages to the pilots or to the air
traffic controllers, or to maintenance workshops or to the
airline company to which the aircraft belongs, etc.

With the increase in the number of flights, the problem of
congestion of radio resources which may not be available at
the moment of exchanging data arises. If the VHF frequency
band which extends from 118 MHz to 137 MHz is consid-
ered, the use of a single frequency contributes to this
congestion, notably in certain flight zones more congested
than others.

SUMMARY OF THE INVENTION

The purpose of the present invention is to provide an
onboard avionic system for communication between an
aircraft and the ground comprising a service unit to which
are connected various equipment of the aircraft and at least
one radio communications unit for providing communica-
tion between the avionic system and a communications
system on the ground via a radio channel.

According to an essential feature of the present invention,
the system is characterized in that it comprises moreover a
configuration unit provided with a control unit, a geoloca-
tion unit provided for supplying the control unit with data
related to the present position of the aircraft and a database
in which are recorded, for each flight zone that the aircraft
has flown over during previous flights, data relative to the
use of the radio channels which are available in the flight
zone in question as well as data relative to the radio
conditions for the radio channels. The configuration unit is
interfaced with the radio communications unit which is
provided for supplying the configuration unit with data
relative to the current radio conditions of the channel in use.
The configuration unit, on the basis of the geolocation data
of the aircraft which are supplied to it by the geolocation
unit, of data on the radio conditions of the channel used
supplied by the radio communications unit and of data
coming from the database, determines if the channel cur-
rently used by the radio communications unit should be
changed or not and, if such is the case, determines the new
channel to be used and commands the change to the new
channel to be used.

BRIEF DESCRIPTION OF THE DRAWINGS

The features of the invention mentioned below, as well as
others, will appear more clearly on reading the following
description of example embodiments, the description being
given with reference to the appended drawings, in which:

FIG. 1 is an overall diagrammatic view of a communi-
cation system to which the present invention applies,

FIG. 2 is a block diagram of an avionic communication
system according to the prior art,

FIG. 3 is a block diagram of an avionic communication
system according to the present invention,

FIG. 4 is a diagram representing the different steps which
are used by a configuration unit of an avionic communica-
tion system according to the present invention, and

FIGS. 5a and 55 are diagrams of processes which are used
by the configuration unit of an avionic communication
system according to the present invention.
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DETAILED DESCRIPTION OF THE
PREFERRED EMBODIMENTS

The avionic communication system 20' shown in FIG. 3
is intended to be installed in an aircraft in order to be able
to communicate with ground stations, for example either in
a VHF frequency band or in an HF frequency band.

The avionic communication system 20' comprises, like
the one which is shown in FIG. 2, a service unit 21,
equipment 22 to 25 and radio communications units (only
one 26 is shown in FIG. 3). The elements which are identical
to those of the prior art shown in FIG. 2 operate in an
identical manner to those of that prior art. They are given the
same references in FIG. 3, as in FIG. 2.

Hereafter, only one single radio communications unit 26
of'the VHF type will be considered, this being done in order
not to confuse the present description. The invention can
however be applied to any type and number of radio
communications units: VHF, HF, satellite, etc.

The avionic communication system 20' comprises, more-
over, a radio configuration unit 29 which comprises a control
unit 290 which receives, from the radio communications
unit 26, radio conditions data CR for the channel used. For
example, the radio communications unit 26 delivers these
radio conditions data at specified time intervals. These radio
conditions data relate to different characteristics of the radio
communications channel used in the flight zone flown over,
such as the power of the signal received on each channel, the
occupation rate of each channel between two deliveries of
radio conditions data CR, the reception bit error rate of the
channel etc. The control unit 290 receives the radio signals
PE from the radio environment of the aircraft and can thus
determine the radio conditions data of all of the channels that
are available for data communications.

It will be noted that, in the present description, it will be
considered that a channel is available when the communi-
cations system as a whole allows its use. Moreover, a
channel is occupied when a third party user uses the channel
for its communications. The channel is used when the user
in question communicates via this channel

The radio configuration unit 29 comprises moreover a
geolocation unit 291 in order to supply the control unit 290
with data related to the present position (notably longitude
and latitude) of the aircraft in question, notably in order to
determine the flight zone flown over by the aircraft in
question.

Finally, the radio configuration unit 29 furthermore com-
prises a database 292 in which are recorded, for each flight
zone and for each flight, of a set of previous flights, data
relative to the use of the available channels and data relative
to the radio conditions existing during the previous flight in
question and in the flight zone in question.

On the basis of the geolocation data of the aircraft which
are supplied to it by the geolocation unit 291, of the radio
conditions data CR of the present flight supplied by the radio
communications unit 26 and of the data coming from the
database 292 relative to the use of the available channels and
of the data relative to the radio conditions CR existing
during previous flights in the flight zone corresponding to
the geolocation of the aircraft, the configuration unit 29
determines if the channel currently in use by the radio
communications unit 26 should be changed or not. If such a
change must be operated, the configuration unit 29 deter-
mines the new channel to be used by basing itself on the
radio conditions determined, by the control unit 290, from
the signals PE of the radio environment radio and on
predetermined criteria and transmits to the service unit 21 a
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request for a channel change supplied (arrow A) to the radio
communications unit 26. This request is, for example, trans-
mitted to the ground station (see FIG. 1) and, after approval
by the latter, the channel change becomes effective.

Moreover, the configuration unit 29 stores in the database
292 the data relative to the use of the channel which has just
been left together with data relative to the radio conditions
CR existing at the time of that storage, doing this in order to
be able to improve its decision making for future flights, as
will be seen in the continuation of the present description.

Thus, the configuration unit 29 plans and decides the
possible channel changes necessary in order to optimize the
radio resources and does this on the basis of the radio
conditions data determined from the PE environment signals
and of data contained in the database 292, this being done for
the flight zone corresponding to the geolocation given by the
geolocation unit 291. This notably makes it possible to
prevent the channel used from becoming congested.

The configuration unit 29 can use any type of intelligent
or automatic learning algorithm, that is to say, one which
makes decisions not only on the basis of data relative to the
present radio conditions data but also on the basis of
information relative to previous flights in the zone in ques-
tion, such as the use of available channels, their occupation
rate, etc.

By way of example, according to one embodiment of the
configuration unit 29, the algorithm used has BDI (the
acronym for Believe-Desire-Intention) architecture. Such an
architecture is, for example, described in an article by Anand
S. Rao and M. P. Georgeff entitled “Modeling Rational
Agents with a BDI-Architecture” published in Proceedings
of'the 2nd International Conference on Principles of Knowl-
edge Representation and Reasoning, pages 473-484, and
incorporated herein by reference. An embodiment of the
configuration unit 29 with BDI architecture is shown in FIG.
4.

In this FIG. 4, there can be seen the radio communications
unit 26, the service unit 21, the geolocation unit 291, the
database 292 and the control unit 290. The latter implements
a method whose steps are represented inside the box 290.
More precisely, inside this box 290, the rectangles represent
processes composed of one or more steps which are
executed by the control unit 290 while the ovals represent
items of information relative to the aircraft in question
which are used for the execution of these steps. More
precisely, the oval 40 represents the items of information
which are stored in the database 292 for the flight zone in
which the aircraft in question is situated such as those
located by the geolocation unit 291 (hence the arrows BD
and G). As mentioned above, these items of information are
relative to the use of the available channels in the flight
zones for previous flights and data relative to the radio
conditions. All of this information is collectively referred to
as “Beliefs.”

The oval 41 represents the criterion or criteria which are
used for classifying the different radio channels to be used
by the radio communications unit 26. These criteria are also
called “Desires.”

With regard to the oval 42, this represents the actions that
the control unit 290 implements in order to choose the
optimum radio channel. These actions are also called “Inten-
tions.”

One function of the radio communications unit 26 is to
determine the current radio conditions, such as for example
the channel currently being used, its reception power, its
reception error rate or its rate of occupation calculated at
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regular intervals of time (for example every millisecond)
and to transmit the radio conditions values CR to the control
unit 290.

The change decision process 43 triggers a channel change
when the value of at least one of the radio conditions
parameters is greater than or less than, depending on the
case, a predetermined threshold value, that is to say when the
radio conditions are poor, for example, when the reception
power of the channel is less than a predetermined threshold

CH1 CH2 CH3 CH4

30% 18% 23% 12%

It is assumed that in the database 292 are recorded the
following values for two previous flights V1 and V2 and for
the present flight, this being in the present flight zone.

or, for example again, when the error rate on this channel is 10 TABLE 1
greater than a predetermined threshold or, for example Number  Ocoupation  Ocoupation
again, when the occupation rate is greater than a predeter- Channel of uses rate rate
mined threshold S (for example, the threshold S can be Flight V1 p— 5 7 12
defined as 25%) 15 CH2 0 30 15
Rather than comparing a radio conditions parameter with CH3 1 21 20
a prede.ter.mlned threshold, according to a panlgular em.b.odl- Flight V2 gg‘f ? i g B
ment, it is the average assumed by this radio conditions CHm2 0 20
parameter over a set of measuring time intervals which is CH3 0 21
taken into consideration. More precisely and, for example, 20 CH4 0 18
. . Present CH1 0 31
the value CU of the occupation rate of the channel is flight CI2 1 17
transmitted by the radio communications unit 26 every CH3 0 24
millisecond and the average is calculated every second or Ch4 0 31
every minute. It is this average which is compared with a
predetermined threshold. 25 For example, with regard to the present flight, a channel
According to a particular embodiment, the channel change has already been operated from channel CH2 to
change decision is made by the change decision process 43 channel CH1. The occupation rates recorded are those that
when the predetermined threshold is exceeded several times were recorded at the time of this change.
(for example 2 times) in succession. If, in the database 292, these four values of occupation
An update procedure 44 is initiated when the change 30 rate (30, 18, 23, 12) are already recorded for a preceding
decision process 43 has decided on a channel change. It flight and for the same flight zone then the database 292 is
comprises the following steps (see FIG. 5a): not updated.

a step 441 of calculating the values taken by the radio On the other hand, if they are not there, as is the case here,
conditions parameter or parameters (reception power, .. the update is carried out. Thus, channel CHI is mentioned as
error rate, occupation rate, etc.) for the available chan- having been used once again, for the present flight and in the
nels other than the channel which is currently in use and present flight zone, and possibly in all of the flight zones
which will be left and doing this on the basis of the previously passed through by the aircraft in question since
signals PE of the radio environment of the aircraft, the last change (which is not the case here as a change has

a step 442 of comparison of these values with those which 4 already been operated as mentioned above). The four values
are stored in the database 292 for the flight zone (given of'occupation rate are also recorded for the present flight and
by the geolocation unit 291) that the aircraft is flying  for the present flight zone.
over (oval 40), The database 292 now appears in the following form.

a step 443 of updating the database 292 for the flight zone
currently being flown over when the present values are 45 TABLE 2
different from those which are contained in the data- Number  Occupation  Occupation
base 292. Channel of uses rate rate

An example embodiment of the change decision 43 and -

updating 44 processes is given below. Let it be considered Flight V1 gg; é % g
that the currently used channel is channel CHI1. Its occupa- 30 CH3 1 21 20
tion rate as a function of time is for example given by the CH4 0 30 33
following table. It is recalled that the threshold value of the Flight V2 CHI 1 12
occupation rate is 25%. CH2 0 20
CH3 0 21
CH4 0 18
55 Present CH1 1 31 30
T1 T2 T3 T4 T5 T6 flight CH2 1 17 18
CH3 0 24 23
20% 28% 20% 35% 30% Etc. CH4 0 31 12
At the time T35, the occupation rate has exceeded the 60  The rest of the method will now be described.
predetermined threshold of 25% twice in succession. The A process of generating options 45 generates different
channel change is triggered at this time T5. options for configuration of the radio communications unit
At the time TS5, the value of the occupation rate of the 26 as a function of desires (oval 41) and of intentions (oval
currently used channel CH1 and the value of the occupation 42) based on the items of information contained in the
rate of each of the other available channels CH2 to CH4 such 65 database 292 for the present flight zone.

as determined in step 441 from the environment signals PE
are given in the following table.

Desire comprises having a channel providing a good
quality of service.
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Intention comprises having a channel having an occupa-

tion rate below the authorized threshold.

The process of generating options 45 comprises the

following steps (see FIG. 5b):

a step 451 of determination of the available channels
conforming with the desire or desires D, if at least one
of them exists. For example, a channel conforms with
the desire (oval 41) when its occupation rate is at least
10% below a predetermined threshold (that is at most
15% if the threshold S is 25%),

a step 452, used in the case of at least one conforming
available channel, of classification of the conforming
channel or channels as a function of their current
occupation rates, according to a first option, and as a
function of their respective frequencies of use for all of
the previous flights for the flight zone in question,
according to a second option. The frequency of use of
a channel in a given flight zone is for example deter-
mined as being the average use of this channel for all
of the previous flights, each use during a flight in a
flight zone being stored in the database 292,

a step 453, used when no channel conforms with the
desire or desires D (occupation rate higher than the
predetermined threshold reduced by 10%), of classifi-
cation of the available channel or channels as a function
of their current occupation rates, according to a first
option, and as a function of their respective frequencies
of use for all of the previous flights for the flight zone
in question, according to a second option.

Assume, for example, that the present value of the occu-

pation rate of each available channel in a flight zone is given
by the following table.

CH1 CH2 CH3 CH4

30% 14% 23% 12%

There are two available channels which conform with the
desire (occupation rate lower than S(=25%)-10%=15%).

The first option (classification as a function of occupation
rate) gives: CH4, CH2.

It will be noted that if there are several desires, each
option relates to the conformity with all of these desires.

Assume that the database 292 conforms with the above
table 2. The frequencies of use for the two previous flights
V1 and V2 then conform with the following table.

CH1 CH2 CH3 CH4

75% 0 25% 0

The classification according to the second option then
gives CH1, CH3.

Assume now that the present values of the occupation rate
of each available channel are given by the following table.

CH1 CH2 CH3 CH4

30% 23% 12% 12%

The first option gives: CH3=CH4 while the second option
still gives CH1, CH3.

The method of the invention also comprises a filtering
process 46 which comprises choosing the best ratio between
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the possible options based on the desires (oval 41), the
intentions (oval 42) and the beliefs (oval 40). The filtering
method (46) therefore results in the determination of a new
radio channel to be used for replacing the radio channel
currently in use. This choice becomes the intention which is
then executed by a control process (step 47) comprising
commanding, via the service unit 21, the use of a new radio
channel by the radio communications unit 26.

In the examples given above, in the case where the
channels CH2 and CH4 conform with the desire, the filtering
process 46 will choose the channel CH4. In the other case,
the filtering process 46 will observe that the first option does
not make it possible to decide which channel to choose
between CH3 and CH4 but that the second one does allow
this, channel CH3 present in the first option being present
again in the second one.

The service unit 21 receives the change of configuration
request indicating the new channel to be used and then
transmits, by means of the radio control unit 26, a message
to a station on the ground for a change of radio configura-
tion. After an acknowledgement from a ground station, the
communications take place using the new radio configura-
tion.

Thus, each time that the aircraft in question moves into a
flight zone where the channel that it is using for its com-
munications has an occupation rate greater than an autho-
rized threshold, the change of radio configuration procedure
previously described is again implemented.

While at least one exemplary embodiment of the present
invention(s) is disclosed herein, it should be understood that
modifications, substitutions and alternatives may be appar-
ent to one of ordinary skill in the art and can be made
without departing from the scope of this disclosure. This
disclosure is intended to cover any adaptations or variations
of the exemplary embodiment(s). In addition, in this disclo-
sure, the terms “comprise” or “comprising” do not exclude
other elements or steps, the terms “a” or “one” do not
exclude a plural number, and the term “or” means either or
both. Furthermore, characteristics or steps which have been
described may also be used in combination with other
characteristics or steps and in any order unless the disclosure
or context suggests otherwise. This disclosure hereby incor-
porates by reference the complete disclosure of any patent or
application from which it claims benefit or priority.

The invention claimed is:

1. An onboard avionic system for communication

between an aircraft and the ground comprising:

a service unit to which are connected various equipment
of said aircraft,

at least one radio communications unit for providing
communication between said avionic system and a
communications system on the ground via a radio
channel,

a configuration unit provided with a control unit,

a geolocation unit provided for supplying the control unit
with data related to the present position of said aircraft
and

a database in which are recorded, for each flight zone that
the aircraft has flown over during previous flights, data
relative to the use of the radio channels which are
available in said flight zone in question as well as data
relative to the radio conditions for said available radio
channels,

said configuration unit being interfaced with said radio
communications unit such that said radio communica-
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tions unit supplies said configuration unit with data
relative to the radio conditions of the channel currently
in use,

said configuration unit, on the basis of the geolocation
data of the aircraft which are supplied to the configu-
ration unit by the geolocation unit, of data on the radio
conditions of the channel currently in use supplied by
the radio communications unit and of data coming from
the database, being configured to determine if the
channel currently used by the radio communications
unit should be changed or not and, if such is the case,
being configured to determine the new channel to be
used and being configured to command the change to
the new channel to be used.

2. The avionic system as claimed in claim 1, wherein said
configuration unit is also configured to store in the database
the data relative to the use of the channel which has just been
left, as well as data relative to the radio conditions existing
at the time of this storage.

3. The avionic system as claimed in claim 1, wherein said
configuration unit is used by an algorithm having BDI
architecture, the beliefs being formed from data stored in
said database, the desire or desires being constituted by
criteria which are used for classifying the different radio
channels to be used by the radio communications units and
the intentions being the actions carried out by the control
unit in order to command the change of radio channel.

4. A method for managing the radio channel to be used by
a radio communications unit of an avionic communication
system of an aircraft, comprising:

a service unit to which are connected various equipment

of said aircraft,

at least one radio communications unit for providing
communication between said avionic system and a
communications system on the ground via a radio
channel,

a configuration unit provided with a control unit,

a geolocation unit provided for supplying the control unit
with data related to the present position of said aircraft
and

a database in which are recorded, for each flight zone that
the aircraft has flown over during previous flights, data
relative to the use of the radio channels which are
available in said flight zone in question as well as data
relative to the radio conditions for said available radio
channels,

said configuration unit being interfaced with said radio
communications unit such that said radio communica-
tions unit supplies said configuration unit with data
relative to the radio conditions of the channel currently
in use,

said configuration unit, on the basis of the geolocation
data of the aircraft which are supplied to the configu-
ration unit by the geolocation unit, of data on the radio
conditions of the channel currently in use supplied by
the radio communications unit and of data coming from
the database, being configured to determine if the
channel currently used by the radio communications
unit should be changed or not and, if such is the case,
being configured to determine the new channel to be
used and being configured to command the change to
the new channel to be used,

wherein said method comprises:

detecting, with said configuration unit, change in radio
conditions for determining, on the basis of geolocation
data of the aircraft which are supplied to it by a
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geolocation unit, data on radio conditions of the chan-
nel currently being used provided by the radio com-
munications unit and of data relative to the use of the
radio channels which are available in said flight zone in
question, as well as data relative to the radio conditions
for said radio channels, coming from the database, if
the channel currently in use by the radio communica-
tions unit should be changed or not,

filtering, with said configuration unit, available radio

channels in said flight zone for determining the new
channel to be used and

controlling, with said configuration unit, the radio com-

munications unit by commanding a change to said new
channel to be used by said radio communications unit.

5. The management method as claimed in claim 4, further
comprising a step of updating the database by storing in the
database the data relative to the use of the channel which has
just been left as well as data relative to the radio conditions
existing at the time of the storage.

6. The management method as claimed in claim 4,
wherein said method is implemented with the configuration
unit by an algorithm having BDI architecture, the beliefs
being formed by data stored in said database, the desire or
desires being constituted by criteria which are used for
classifying the different radio channels to be used by the
radio communications units and the intentions being the
actions carried out by the control unit in order to command
the change of channel radio.

7. The management method as claimed in claim 4,
wherein said change decision process triggers a change of
channel when the value of at least one of the radio conditions
parameters is greater or less, according to the case, than a
predetermined threshold value.

8. The management method as claimed in claim 4, further
comprising an updating process initiated when the change
decision process has decided on a channel change, said
updating process comprising the following steps:

calculating the values taken by the radio conditions

parameter or parameters for the available channels

other than the channel which is currently in use and

which will be left,

comparing these values with those which are stored in
the database for the flight zone given by the geolo-
cation unit and

updating the database for the current flight zone when the

present values are different from those which are con-
tained in the database.

9. The management method as claimed in claim 4, further
comprising a process of generating options which comprises
the following steps:

determining the available channels conforming with the

desire or desires, if at least one of them exists,

classifying, in the case of at least one conforming
available channel, the conforming channel or chan-
nels as a function of their current occupation rates,
according to a first option, and as a function of their
respective frequencies of use for all of the previous
flights for the flight zone in question, according to a
second option, and

classifying, when no channel conforms with the desire,
the available channel or channels as a function of
their current occupation rates, according to a first
option, and as a function of their respective frequen-
cies of use for all of the previous flights for the flight
zone in question, according to a second option.

#* #* #* #* #*



